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Foreword 

ISO (the International Organization for Standardization) is a worldwide federation of 
national Standards institutes (ISO member bodies). The work of developing Inter- 
national Standards is carried out through ISO technical committees. Every member 
body interested in a subject for which a technical committee has been set up has the 
right to be represented on that committee. International organizations, governmental 
and non-governmental, in liaison with ISO, also take part in the work. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. 

International Standard ISO 4221 was developed by Technical Committee ISO/TC 146, 
Air quality, and was circulated to the member bodies in April 1977. 

lt has been approved by the member bodies of the following countries : 

Australia Germany, F. R. 
Austria Hungary 
Belgium India 
Bulgaria Iran 
Czec hoslova kia Italy 
Denmark Netherlands 
Finland Norway 
France South Africa, Rep. of 

Spain 
Sweden 
Switzerland 
Turkey 
USSR 
Yugoslavia 

The member bodies of the following 
on technical grounds : 

countries expressed disapproval of the document 

Poland 
United Kingdom 

0 International Organkation for Standardkation, 1980 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO 4221-1980 (EI 

Air quality - Determination of mass concentration of 
sulphur dioxide in ambient air - 
Thorin spectrophotometric method 

1 Scope 

This International Standard specifies a Thorin’) spectro- 
photometic method for the determination of the mass concen- 
tration of sulphur dioxide in ambient air. 

2 Field of application 

This method is applicable to the determination of the mass con- 
centration of sulphur dioxide in ambient air within the range of 
3,5 to 150 pg/m3, assuming an air Sample volume of 2 m3 and 
a Sample Solution volume of 50 ml. For higher concentrations, 
dilution of the Sample may be necessary before carrying out the 
determination.2) 

Interference from ammonia and hydrogen sulphide may occur if 
these are present in very high concentrations. Interferences 
from particulate matter are avoided at the sampling Stage by 
filtering the air. (See also 8.3.) 

NOTE - Diluting may be sometimes unnecessary if the air Sample col- 
lected over a specified period is reduced by dividing the Overall sampl- 
ing period into intervals of the same duration and sampling in such a 
way that intervals of absorption are followed by intervals where the 
sampling pump is switched off. 

NOTE - The differente between the initial and final quantity of barium 
ions corresponds to the concentration of sulphate ions in the absorp- 
tion Solution, and thus to the amount of sulphur dioxide that has been 
oxidized. The absorbance varies inversely with the concentration of 
sulphate ions present in the absorption Solution. 

5 Reagents 

During the analysis, use only reagents of recognized analytical 
grade and only double-distilled or de-ionized and distilled 
water. 

WARNING - Handle carefully the following hazardous 
substances : perchloric acid Solution, barium perchlorate 
Solution, dioxane and Thorin. 

5.1 Hydrogen Peroxide, 27 to 30 % (mlm) Solution. 

5.2 Absorption Solution. 

Dilute 10 ml of the hydrogen peroxide Solution (5.1) to 1 000 ml 
with water. Adjust the pH of the Solution to between 4,0 and 
4,5 with the perchloric acid Solution (5.41, preferably using a pH 
meter. 

Store this Solution in a refrigerator and discard after 1 month. 

3 Reference 
5.3 Perchlorit acid, 0,l mol/1 Solution. 

ISO 4219, Air quality - Determination of gaseous sulphur 
compounds in ambient air - Sampling equipment. 

4 Principle 

Absorption and Oxidation of the sulphur dioxide present in the 
sampled air by drawing the Sample for a specified period 
through an acidified Solution of hydrogen peroxide of defined 
pH, resulting in the formation of sulphuric acid. 

Precipitation of the sulphate ions formed as barium sulphate by 
reaction with excess barium perchlorate and determination of 
residual barium ions by complexing with Thorin and measure- 
ment of the coloured complex spectrophotometrically at 
520 nm. 

Add 4,3 ml of a 72 % (mlm) Solution of perchloric acid (HC1041 
to water in a 500 ml one-mark volumetric flask. Dilute to the 
mark and mix. 

5.4 Perchlorit acid, approximately 0,Ol mol/1 solution. 

Prepare from the 0,l mol/1 Solution (5.3). 

5.5 Barium perchlorate Solution. 

Dissolve 0,525 g of anhydrous barium perchlorate [Ba (ClO4)21 
in a small quantity of the perchloric acid Solution (5.3) in a 
250 ml one-mark volumetric flask. Dilute to the mark with the 
same perchloric acid Solution and mix. 

1) Thorin is also known as Thoron or Thoronol, the sodium salt of 4-[(2-arsonophenyl)azol3-hydroxy 2,7-naphthalene-disulphonic acid. 

2) An International Standard specifying a tetrachloromercurate (TCMVpararosaniline spectrophotometric method for the determination of the mass 
concentration of sulphur dioxide in ambient air is in preparation, and should be used when greater sensitivity is required. 
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ISO 4221-1980 (El 

5.6 Barium perchlorate/dioxane solution 

Add 10 ml of the barium perchlorate Solution (5.5) to 40 ml of 
water in a 1 000 ml one-mark volumetric flask. Dilute to the 
mark with dioxane and mix. 

NOTES 

1 Several organic solvents may be used, for example dioxane, 
isopropanol, acetone. The most favourable calibration curve, however, 
is obtained with dioxane. 

2 The organic solvent is Chosen to minimize the solubility product of 
the barium sulphate, but because this is still significant in the lower 
region of the concentration range, a small constant amount of sulphate 
ion is added to the blank Solution, the Standard matthing solutions and 
the aliquot Portion of the exposed Sample. 

5.7 Thorin, 2,5 g/l Solution. 

Dissolve 0,125 g of Thorin in 20 ml of the Standard sulphate 
Solution (5.8.2) and a small quantity of water in a 50 ml one- 
mark volumetric flask. Dilute to the mark with water and mix. 

Prepare this Solution daily. 

5.8 Standard sulphate solutions. 

5.8.1 Sulphate, Standard Solution containing 0,5 mol of 
sulphuric acid (H2S04) per litre. 

Standardize this Solution accurately by titration against a stan- 
dard volumetric sodium hydroxide Solution, which has been 
standardized itself against potassium hydrogen phthalate 
WIC8H404L 

1 ml of this Standard Solution corresponds to 32 mg of SOZ. 

5.8.2 Sulphate, Standard Solution containing 0,001 25 mol of 
sulphuric acid (H2S04) per litre. 

Prepare from 
as follows : 

the Standard sulphate Solution (5.8.1) by diluting 

a) Measure by pipette 25 ml of the Standard sulphate solu- 
tion into a 1 000 ml one-mark volumetric flask. Dilute to the 
mark with water and mix. 

1 ml of 
of soz. 

this Standard Solution corresponds to about 800 pg 

b) Measure by pipette 10 ml of the Standard sulphate solu- 
tion obtained in a) into a 100 ml one-mark volumetric flask. 
Dilute to the mark with water and mix. 

1 ml of this Standard Solution 
so*. 

corresponds to about 80 pg of 

6 Apparatus 

Ordinary laboratory apparatus and 

6.1 Sampling equipment as specified in ISO 4219, sub- 
clauses 5.1 to 5.7 and, in addition, as specified in 6.1.1. 

6.1 .l Absorption bottles. 

Borosilicate glass bottles of the Drechsel type equipped with 
interchangeable ground glass joints (sec figure 1) shall be used. 
A bottle having the cone of the ground glass joint on the bottle 
is preferable, because of the smaller risk of deposited matter 
dropping into the absorption Solution when the sampling head 
is removed. 

The capacity of the bottle shall be 125 ml for 24 h sampling and 
250 ml for 48 h sampling. The external diameter of the entry 
and exit tubes of the absorption bottle shall be 10 mm to 
12 mm. The tube leading the air into the Solution shall have an 
internal diameter of 6 to 8 mm and shall end 5 to 10 mm from 
the bottom of the bottle. 

I 

6.2 
tYPe 

(The 
Figure 1 - Absorption bottle 

dimensional proportions are approx mate.) 

Spectrophoto meter, Single- or dou ble-b 

If a Single-beam spectrophotometer is to be used, it shall be 
possible to adjust the incident light intensity, for example, by 
adjusting a diaphragm or by slit-width control. For a single- 
beam spectrophotometer, the greatest accuracy is achieved if 
the incident light beam intensity tan be adjusted to give a 
“read absorbance” value as close to 0 as possible for the 
highest measurable concentration. However, with the in- 
struments currently available, the best possible result is 
obtained if the adjusted light intensity results in a “read absor- 
bance” value of 0,800 for the blank Solution in a 10 mm or 
20 mm cell. Using a double-beam instrument, the differente in 
the absorbance between the Sample (or the Standard solutions) 
and the blank tan be read directly. 

2 
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NOTE - read absorbance value : The reading value on the face of a 
Single-beam spectrophotometer; the measured Signal is proportional to 
the logarithm of the intensity. 

6.3 Glass cells, having an Optical path length of IO or 
20 mm. 

If more than one cell is 
photometrical IY. 

used, the cells matched 

6.4 Pipettes, of capacity 
diluting apparatus. 

0,25 ml, or dispensing and 

7 Sampling 

Set up the equipment specified in ISO 4219 in accordance with 
the requirements of ISO 4219 and any special requirements for 
the atmosphere to be sampled (see 8.3). 

Insert a particulate filter (5.3 of ISO 4219) into the filter holder 
(5.3.2 of ISO 4219). 

In one of the absorption bottles (6.1 .l) place a suitable quantity 
of the absorption Solution (5.21, mark the level of the Solution 
and connect the bottle to the Sample train. 

For a sampling period of 24 h, the volume used shall be 50 ml 
and for a sampling period of 48 h 150 ml. 

NOTES 

1 If the temperature of the air sampled exceeds 25OC or if the air is 
very dry, larger volumes of absorption Solution may have to be used. 
The correct amount needed to absorb all the sulphur dioxides in the 
test Sample collected during the selected test duration should be ascer- 
tained by preliminary tests. 

2 Automa 
used. 

tic equi pment for changing the absorption may be 

Adjust the flow regulator (5.6 of ISO 4219) to give a flow rate of 
90 Vh. Record the reading on the gas meter (5.6 of ISO 4219) 
and the time and Start the sampling pump (5.7 of ISO 4219). 

At the end of the sampling period, switch off the sampling 
pump, note the reading on the gas meter and the time. Remove 
the absorption bottle from the sampling train and make up the 
level to the original level with water. 

In Order to avoid the possible contamination of the aliquot por- 
tions to be analysed, either stopper the bottle tightly or, if this is 
not possible, transfer the contents to a clean, dry transfer 
bottle and send it to the laboratory for analysis. 

Replace the bottle removed by a second bottle contain 
absorption Solution and renew t he parti culate filter. 

ing 

8 Procedure 

8.1 Preparation of calibration curve 

8.1 .l Standard matthing solutions 

Prepare a series of Standard matthing solutions having 
sulphate concentrations corresponding to sulphur dioxide con- 
centrations of 0,8 - 1,6 - . . . - 8,0 pg/ml by placing por- 
tions of 1,00 - 2,00 - . . . - 10,OO ml respectively of the 
Standard sulphate Solution (5.8.2) into a series of 100 ml one- 
mark volumetric flasks, diluting to the mark and mixing. 

8.1.2 Blank test Solution 

Prepare a blank test Solution by mixing thoroughly 4,0 ml of 
water, 10 ml of the barium perchlorate/dioxane Solution (5.6) 
and 0,25 ml of the Thorin Solution (5.7) in the best reproducible 
way, using either the pipettes or the dispensing and diluting 
apparatus (6.4). 

Add the Thorin Solution just before measuring the absorbance 
of the solution. Note that the blank Solution is stable for 30 min 
if left in the dark. 

8.1.3 Standard test solutions 

Prepare a series of test solutions corresponding to each of the 
Standard matthing solutions (8.1 .l) by mixing 4,0 ml of each 
with the same quantities of reagents as for the blank Solution 
(8.1.2). 

Measure the absorbance of the test solutions within 10 min. 

8.1.4 Measurement 

Check the spectrophotometer (6.2) in accordance with the 
manufacturer’s instructions and after stabilization, adjust the 
wavelength to 520 nm.11 

To obtain a reliable result, it is advisable to carry out the 
measurement with the same Solution two or three times at 
least. 

8.1.4.1 Single-beam instruments 

Fill a cell (6.3) with the blank test Solution (8.1.21, place it in the 
light path and adjust the absorbance reading to 0,800.l) 
Replace the blank test Solution with each of the Standard test 
solutions in turn and measure the absorbance of each Solution. 

8.1.4.2 Double-beam instruments 

Fill two cells with the blank test Solution (8.1.21, place these 
into the reference and measuring light paths and adjust the 

1) The adjustment of the spectrophotometer shall be checked frequently with freshly prepared blank test solution. 
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absorbance differente to Zero. Replace the blank test Solution 
in the cell in the reference light path by each of the Standard 
test solutions in turn and measure the absorbance differente 
for each Solution. 

8.1.5 Calibration curvel) 

Prepare a calibration curve by plotting the absorbance of each 
Standard test Solution, including the blank (Single-beam instru- 
ments), against either the concentration of sulphur dioxide in 
the corresponding Standard matthing Solution (8.1.1) or the ab- 
sorbance differente from the blank test (double-beam instru- 
ments) (see figures 2 to 5). 

8.2 Determination 

Adjust the temperature of the absorption Solution containing 
the test Sample obtained according to clause 7 to the same as 
that of the reagent solutions. 

To ensure the result, it is necessary to determine the concentra- 
tion of sulphur dioxide in the Sample Solution on at least two or 
three test portions. 

8.2.1 Test Portion 

Take by pipette 4,0 ml of the Solution in the absorption bottle. 

8.2.2 Test Solution 

Mix the test Portion (8.2.1) with 10 ml of the barium per- 
chlorate/dioxane Solution (5.6) and 0,25 ml of the Thorin solu- 
tion (5.7) as specified in 8.1.2. 

8.2.3 Measurement 

Fill a cell with the test Solution (8.2.2) and measure its absorb- 
ante as specified in 8.1.4 within 10 min. Determine the concen- 
tration of sulphur dioxide in the test Portion by reference to the 
appropriate calibration curve (8.1.5). For good accuracy, only 
the linear part of the calibration curve, i.e. between 0 and 
6 pg/ml sulphur dioxide concentration, should be used. 

If the concentration of sulphur dioxide in the Sample exceeds 
6 pg/ml, take a new aliquot Portion of the absorption Solution 
and dilute with water to a suitable volume. Note the dilution 
factorfand proceed according to 8.2.1, 8.2.2 and 8.2.3 above. 

83 . Interferences 

Thorin forms complexes with many metallic cations, but the 
use of the particulate filter at the sampling Stage should ensure 
that none are present in the Sample. The use of a filter also 
removes Phosphate, which would interfere by precipitating 
barium as barium Phosphate. 

Very high concentrations of ammonia and hydrogen sulphide 
may interfere; the former may move the pH of the Sample solu- 
tion outside the limits required for the analysis, the latter may 

be oxidized to sulphuric acid in the absorption bottle. If the pH 
of the absorption Solution falls below 3,5 or exceeds 9,8, the 
evaluation of the concentration of sulphur dioxide obtained will 
be too high or too low respectively. The pH of the absorption 
Solution to be analysed may vary between 3,5 and 9,8 without 
interference. 

9 Expression of results 

9.1 Method of calculation 

The mass concentration of sulphur dioxide (SOZ) in the air 
Sample is given, in micrograms per cubic metre, by the formula 

Vl 
@ 602) = f x @cal x- 

V2 

where 

f is the dilution factor (sec 8.2.3); 

ecal is the mass concentration of sulphur dioxide, in 
micrograms per millilitre, read from the calibration curve; 

VI is the initial volume, in millilitres, of the absorption solu- 
tion; 

V2 is the volume, in cubic metres, of the air Sample. 

Express the result as the mean of two or three determinations 
(sec 8.2). 

9.2 Detection limit 

9.2.1 Single-beam spectrophotometer 

The absorbance of the blank Solution (absorbance reading 
0,800) may be determined within $r 0,003, which is the noise 
level of the spectrophotometer. The detection limit is set for a 
Signal three times stronger than the noise level, i.e. the absor- 
bance value 0,800 - 3 x 0,003 = 0,791, corresponding to a 
concentration of sulphur dioxide of 0,13 pg/ml. 

9.2.2 Double-beam spectrophotometer 

The detection limit is of the same Order of magnitude as for the 
Single-beam spectrophotometer, i.e. 0,l pg/ml. 

9.3 Repeatability 

9.3.1 Single-beam spectrophotometer 

The repeatability in terms of Standard deviation (Sample size 
n = 10) is as follows : 

- Using a manual pipette : * 0,07 pg/ml 

- Using a dispensing and diluting apparatus : 
AI 0,03 pg/ml 

1) A new calibration curve shall be prepared for every fresh batch of Thorin Solution and barium perchlorate/dioxane Solution used. 
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ISO 42214980 (EI 

9.3.2 Double-beam spectrophotometer 

Measurements using cation-exchanged potassium sulphate 
solutions as Standards covering the range equivalent to a con- 
centration of sulphur dioxide of between 0,3 pg/ml and 
8 Wml, show that the Overall Standard deviation is 
+ 0,06 pg/ml. 

10 Test report 

The test report shall include the following particulars : 

a) complete identification of the Sample; 

b) reference to this International Standard; 

c) reference to ISO 4219; 

d) the results and the method of expression used; 

e) any unusual features noted during the determination; 

f) any Operation not specified in this International Stan- 
dard or in the International Standard to which reference is 
made, or regarded as optional. 
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Figure 2 - Typical calibration curve obtained using 
a Single-beam spectrophotometer with cells having 

an Optical path length of 20 mm 
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Figure 3 - Typical calibration curve obtained using 
a Single-beam spectrophotometer with cells having 

an Optical path length of 10 mm 
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Figure 4 - Typical calibration curve obtained using 
a double-beam spectrophotometer with cells having 

an Optical path length of 20 mm 
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Figure 5 - Typical calibration curve obtained using 
a double-beam spectrophotometer with cells having 

an Optical path length of 10 mm 
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